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ABSTRACT

Microplastic contamination was assessed in the air-breathing sea slug Peronina tenera (Stoliczka,
1869), collected from the Subarnarekha estuary in the northeastern Bay of Bengal. This study
aimed to evaluate the abundance, size, colour, and polymer composition of microplastics in the
tissues of these estuarine organisms. Ten specimens were sampled from Talsari, Odisha
(21°36’2.29”N, 87o27’13.9”E) in April 2024. The concentration of microplastics ranged from 3.72 to
13.51 particles per gram of tissue, with an average of 6.47 particles. Among the different size
classes, smaller microplastics (50–500 m) were the most abundant, and blue-coloured
microplastics were the most commonly observed. Raman spectroscopy analysis identified five
polymer types: polyethylene terephthalate (PET), polyvinyl chloride (PVC), polystyrene (PS), and
polyethylene (PE), all of which are widely used in packaging, textiles, and industrial applications.
The pollution load index (PLI) averaged 1.29, indicating significant contamination levels in this
estuarine environment. The presence of these microplastics suggests multiple potential sources,
including the degradation of plastic waste from fishing nets, ropes, and gear discarded by the
fishing industry, as well as synthetic fibers from textile washing and the breakdown of single-use
plastic packaging. The accumulation of these microplastics in P. tenera highlights their
bioavailability in estuarine food chains, raising serious ecological concerns about trophic transfer,
bioaccumulation in higher organisms, and potential long-term impacts on aquatic biodiversity.
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INTRODUCTION

As microplastic contamination is so common and
has significant negative impacts on marine
ecosystems, it has emerged as a serious
environmental concern (Choudhury et al., 2018).
These tiny plastic particles-which are typically less
than 5 mm-are either released into the environment
directly through products like microbeads or arise
from the disintegration of bigger plastic
components. Microplastics may linger in marine
environments for a long time, and a range of marine
creatures, including bigger species, can readily
consume them due to their small size (Andrady,

2011; Cole et al., 2011). Marine ecosystems are
particularly vulnerable to microplastic pollution due
to the widespread use and disposal of plastic
materials in coastal regions. Fishing activities,
aquaculture, and improper waste management
contribute significantly to microplastic
accumulation in estuarine and marine
environments. Abandoned fishing gear, synthetic
ropes, and plastic packaging degrade over time,
releasing secondary microplastics into the water
column and sediments (Barrows et al., 2018).
Additionally, microfibers from synthetic textiles,
released through domestic and industrial
wastewater, have been identified as a major source
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of microplastic pollution in coastal waters (Acharya
et al., 2021). These persistent plastic fragments
interact with biota in complex ways, impacting both
pelagic and benthic organisms.

The impact of microplastic ingestion on marine
invertebrates is increasingly being studied, yet many
questions remain regarding species-specific
responses. Laboratory and field studies suggest that
microplastics can cause oxidative stress, alter
metabolic processes, and impair reproduction in
molluscs, crustaceans, and annelids (Pires et al.,
2022; Zhang et al., 2023; Trestrail et al., 2020). These
findings indicate that prolonged exposure to
microplastics could lead to population-level effects,
particularly in species that play critical roles in
nutrient cycling and habitat structuring. As a soft-
bodied benthic invertebrate, P. tenera may be
particularly vulnerable to such impacts, making it
an important candidate for studying the ecological
consequences of plastic pollution. Because of its
benthic feeding habits, the air-breathing sea slug
Peronina tenera (Stoliczka, 1869) that lives in
intertidal zones is probably at danger of microplastic
exposure. This species consumes organic materials
that are often found on the bottom, where
microplastics tend to gather (Bour et al., 2018).
Marine species that consume microplastics may
have a number of negative consequences, including
physical obstructions in their digestive tracts, a
reduction in their capacity to absorb nutrients
(Guzzetti et al., 2018), and exposure to harmful
substances that stick to the surfaces of the plastic
(Rochman, 2018). Although there is still much to
learn about the effects of microplastic pollution on
invertebrates such as P. tenera, first results are
concerning. Because of their high sensitivity to
environmental changes, marine slugs are used as
bioindicators to measure pollution levels in coastal
environments (Marigómez et al., 1998). Determining
the degree of microplastic consumption by P. tenera
can shed light on the broader effects of plastic
contamination on marine life and food webs.

Given the increasing global awareness of plastic
pollution, studies on microplastic ingestion by
benthic organisms can provide valuable data for
environmental monitoring and conservation
strategies (Vecchi et al., 2021). Regulatory efforts,
such as restrictions on single-use plastics and
improvements in waste management systems, are
essential to mitigating the spread of microplastics
(Singh and Biswas, 2023). However, further research
is needed to evaluate long-term trends in

microplastic accumulation, their effects on
biodiversity, and potential mitigation approaches.
The current study aims to quantify the microplastic
burden in P. tenera from the Subarnarekha estuary
and assess its implications for marine food webs and
ecosystem health.

MATERIAL AND METHODS

Sample collection and processing

For the microplastic analysis in the air-breathing sea
slug P. tenera (Stoliczka, 1869), a standard method
was followed for sample collection and processing.
Ten specimens of P. tenera (Fig. 1B, C) were gathered
from a selected station (21°3622.293N 87°27213.93E)
in Talsari, Odisha, during April 2024 (see Fig. 1A).
To maintain tissue integrity, the collected specimens
were stored at -20 °C. The body weight of each
specimen was recorded, with total body weights
ranging from 1.11 g to 3.22 g. After measuring the
weight, all specimens were washed thoroughly
using distilled water to remove any external
adherence of microplastics. Following this, the entire
specimens underwent chemical digestion for further
analysis.

Fig. 1. (A) Samples of Peronina tenera were collected from
the Talsari, located on the northeastern coast of the Bay of
Bengal in Odisha. (B)& (C) Collected sample of P. tenera.
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Microplastic analysis

Microplastic extraction, observation, and
identification followed established protocols with
minor adjustments. Whole tissue samples were
processed according to the method described by
Gong et al. (2021), where each sample was treated
with a 10% KOH (Merck) solution, using 20 ml of
solution per gram of wet tissue. The treated samples
were then heated at 70°C to ensure complete
digestion. Following digestion, density separation
was carried out using 6 g of 5M NaCl per 20 ml
solution (Dellisanti et al., 2023; Banik et al., 2022),
allowing for the effective separation of digested
organic material from microplastics. The resulting
mixture was vacuum filtered through Whatman
GF/C glass microfiber filter papers (0.1 m pore
size, 47 mm diameter, GE Healthcare Pvt. Ltd.) to
isolate the microplastics. Precautions were taken
throughout the extraction process to avoid
contamination, including covering the samples with
aluminium foil. Once the microplastics were
extracted, the filter papers were carefully placed in
clean petri dishes for further analysis.

To effectively observe and identify the
microplastics (MPs), a combination of visual
observation, image analysis, and spectroscopic
techniques was utilized. The size and colour of the
microplastics on the filter papers were first
examined under a stereomicroscope (MSZ-TR
trinocular, Magnus). Precise size measurements
were recorded using Magvision image analysis
software, and images were captured with a digital
camera (MagCam DC-5, Magnus) attached to the
stereomicroscope. Following this, the colour of the
microplastics was visually analysed for
identification. To verify the chemical composition of
the microplastics, Confocal Raman Microscopy
(LabRAM HR Evolution, HORIBA Scientific) was
employed. Spectral data were collected across a
wide range (500-4000 cm-¹) and compared against
standard spectral libraries specific to plastic
polymers for identification. During analysis, special
attention was given to achieving a minimum 70%
confidence level in spectral matching or confirming
a reliable match through visual inspection. This
approach ensures accurate and robust identification
of the plastic polymer composition present in the
microplastics.

Quality control

Several crucial steps were followed during sample
processing to minimize contamination from both

internal and external sources (Shruti and Kutralam-
Muniasamy, 2023). First, all chemical solutions used
for microplastic extraction were filtered through
glass microfiber filter paper (0.1 m pore size, 47
mm diameter, Whatman GF/C) to eliminate any
potential contaminants, ensuring that the chemicals
were free of microplastic particles. Additionally,
Milli-Q water, commonly used in laboratory
procedures, was similarly filtered through the same
type of filter paper to guarantee the purity of the
water used in the extraction process. All equipment
involved in sample processing was thoroughly
rinsed with Milli-Q water two to three times to
prevent contamination. Petri dishes used for sample
transfer were also washed with Milli-Q water before
placing the filter paper in them. To protect the
samples from external contamination, such as
airborne microplastic particles or dust, aluminium
foil was used to cover them throughout the
processing, thereby preserving sample integrity. To
further ensure accuracy, a blank sample was taken at
each stage of processing as a negative control (Shruti
and Kutralam-Muniasamy, 2023). This allowed for a
baseline measurement to differentiate genuine
microplastic particles from potential contaminants
introduced during processing. Only a minimal
amount of microplastics was detected in the blank
samples, which served as negative controls. The
average microplastic contamination in these blanks
was 0.5 particles, and this value was subtracted from
the results of the target samples to ensure accurate
reporting.

Pollution load analysis

The Pollution Load Index (PLI) methodology
(Tomlinson et al., 1980) was applied to assess
microplastic contamination in the body tissues of P.
tenera. This method systematically evaluates the
potential risk of microplastic pollution across per
gram body tissue of all specimens, drawing on
existing data regarding microplastic abundance
(Wang and Chen, 2023). The PLI for per gram body
tissue of each individual i was calculated using the
formula:

CFi = Ci/C0

PLIi  =CFi

where Ci is the concentration factor for individual
i, representing the microplastic abundance, and C0

refers to the baseline microplastic abundance. Since
no standard reference value for microplastic
contamination in P. tenera exists, C0 was set to the
lowest recorded microplastic abundance in the
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species (Wang and Chen, 2023). It is essential to note
that while different choices for C0 may impact the
absolute PLI values, the relative comparison
between individuals remains unaffected. This
ensures that the risk assessment of microplastic
pollution across different individuals of P. tenera is
still reliable and valid.

Statistical analysis

A robust statistical analysis was performed to assess
the variability in microplastic size and colour in P.
tenera. Given the non-normal distribution and
unequal variances in the dataset, a Kruskal-Wallis
test was applied to compare differences across the
observed size classes (50-500 m, 500-1000 m, 1000-
2000 m, and 2000-4000 m) and colour categories.
This non-parametric test is appropriate when
parametric assumptions are not met, ensuring a
reliable comparison of microplastic characteristics. A
p-value threshold of less than 0.05 was considered

statistically significant, indicating substantial
differences in the distribution of microplastic sizes
and colours.

RESULTS AND DISCUSSION

Numerous studies have documented the presence of
microplastics in marine and freshwater
invertebrates, highlighting their potential to disrupt
feeding behaviour, growth, reproduction, and
ecosystem functions (Table 1). The ingestion and
accumulation of microplastics vary based on
species, habitat, and trophic interactions, with some
studies also linking microplastics to the transfer of
contaminants and antibiotic resistance genes (Table
1). Despite extensive research, knowledge gaps
remain regarding the long-term ecological
consequences and trophic transfer of microplastics
in benthic food webs.

The air-breathing sea slug P. tenera plays an

Table 1. Recent Studies on the Effects of Microplastics on Benthic Invertebrates (2020-2025)

Year Study Focus of Study

2025 Fang et al. Microplastic occurrence and influencing factors in surface water, sediments, and benthic
macro invertebrates in Huangbai River.

2025 Ma et al. Microplastic degradation promotes the conjugative transfer of antibiotic resistance genes in
macro benthic invertebrate guts.

2025 Gonzalez- Experimental ingestion of microplastics in three Antarctic benthic species.
Pineda et al.

2024 Sfriso et al. Microplastic accumulation and ecological impacts on benthic invertebrates through a
microcosm experiment.

2024 Xie et al. Influence of habitat, feeding habits, and trophic level on microplastic distribution in 16
benthic organisms in Haizhou Bay, China.

2023 Porter et al. Species traits and feeding ecology influence microplastic burden in benthic invertebrates
across biogeographical provinces.

2023 Prata et al. Uptake dynamics and adverse effects of microplastics on Chironomus riparius, a freshwater
benthic invertebrate.

2023 Zhang et al. Microplastic load in benthic fauna from Jiaozhou Bay, China.
2023 de Ruijter et al. Effects of standardized heterogeneous microplastic mixtures on 16 benthic invertebrate

species.
2022 Silva et al. Microplastics impact benthic invertebrate communities and ecosystem functioning in

artificial freshwater streams.
2022 Stankovic et al. In situ effects of a microplastic mixture on benthic macroinvertebrate community structure

in a freshwater pond.
2021 Vecchi et al. Field evidence of microplastic interactions in marine benthic invertebrates.
2021 Berlino et al. Global-scale meta-analysis of the effects of microplastics on functional traits of aquatic

benthic organisms.
2021 Huang et al. Microplastics impact microbial nitrogen removal mediated by benthic invertebrates, affecting

ecosystem functioning.
2021 Gallitelli et al. Preliminary indoor evidence of microplastic effects on freshwater benthic

macroinvertebrates.
2020 Bellasi et al. Review of microplastic contamination in freshwater environments, focusing on interactions

with sediments and benthic organisms.
2020 Sfriso et al. Microplastic accumulation in benthic invertebrates in Terra Nova Bay, Antarctica.
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essential role in promoting coastal ecosystem
stability. As a benthic species, it actively participates
in nutrient recycling within sediment environments,
aiding in the overall productivity and functionality
of the benthic community (Welsh, 2003).
Additionally, P. tenera serves as a key prey species
for various marine organisms, forming a crucial link
between lower and higher trophic levels and
impacting food web dynamics in intertidal zones
(Paine, 1966). To date, no studies have been
conducted on microplastic pollution in P. tenera. In
this investigation, 10 individuals of P. tenera were
selected to assess the variability of microplastic
contamination across different specimens.

Abundance, size and colour of microplastic

The analysis of P. tenera revealed variable
microplastic concentrations in body tissue, ranging
from 3.72 to 13.51 particles per gram across the 10

specimens (Fig. 2A). On average, 6.47 microplastic
particles were found per gram of body tissue. This
variation in microplastic abundance may be linked
to several factors, suggesting that the specimens
experienced different levels of exposure to
microplastics in their benthic estuarine environment.
As these organisms feed and process food, they are
more likely to ingest microplastic particles present in
the surrounding water and sediment.

The examination of microplastic size distribution
in the body tissue of P. tenera classified the
microplastics into four size ranges, from 50-500 m
to 2000-4000 m (Fig. 2b). The average abundance of
microplastics per gram of tissue across the ten
samples showed the highest number in the 50-500
ìm size range, with an average of 2.62 particles,
followed by 1.38 particles in the 1000-2000 m
range, 1.35 in the 500-1000 m range, and 1.11 in the
2000-4000 m range (Fig. 2B). A Kruskal-Wallis test

Fig. 2. (A) shows the abundance of microplastic particles per gram of body tissue across 10 different samples (S1-S10).
The highest microplastic concentration was observed in sample S4 (13.51 MP/g tissue), while the lowest was
recorded in sample S2 (3.72 MP/g tissue). Error bars represent standard deviations. (B) Violin plot illustrates the
number of microplastics per gram of body tissue across four different size ranges (50-500 µm, 500-1000 µm, 1000-
2000 µm, and 2000-4000 µm). Microplastics in the 50-500 µm size range are the most abundant, while larger size
categories show a lower concentration. Boxplots within the violin plots show the median and interquartile
ranges.(C) Boxplot displaying the number of different coloured microplastic particles per gram of body tissue.
Blue microplastics were the most abundant, followed by red, black, clear, multi-coloured, and green particles. The
distribution shows variability, with blue microplastics exhibiting the widest range.

A B

C
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revealed a statistically significant difference in
microplastic size distribution across the four size
ranges (÷² = 13.85, p = 0.003). This indicates that the
variation in size distribution is meaningful, with
fewer large-sized microplastics observed,
highlighting a predominance of smaller microplastic
particles.

Six distinct colours of microplastics were
observed: black, blue, clear (transparent), green, red,
and multi-coloured (Fig. 2C). Among these, blue
microplastics (Fig. 3A) were the most prevalent,
with an average of 2.40 particles per gram of body
tissue. Black microplastics followed as the second
most common, averaging 1.79 particles per gram of
tissue. Red (Fig. 3B), clear, multi-coloured, and green
microplastics were progressively less abundant,
with averages of 1.03, 0.63, 0.42, and 0.18 particles
per gram, respectively. This variation in colour
distribution likely reflects differing sources and
degradation processes that influence microplastic
composition across marine environments (Boškoviæ
et al., 2022). A Kruskal-Wallis test conducted on the
six colour categories showed a statistically
significant difference in abundance (² = 29.54, p =
0.000013) among the plastic colour groups.

Chemical identification of MPs

The microplastic samples collected from P. tenera

were chemically characterized using confocal
Raman spectroscopy. This analysis revealed the
presence of five distinct plastic polymers:
polyethylene terephthalate (PET), polyvinyl chloride
(PVC), polystyrene (PS), and polyethylene (PE) (Fig.
3C, D). Among these, polymers such as PVC, PS,
and PET are widely acknowledged as
environmental pollutants in their microplastic form
(Changmai et al., 2024; Liu et al., 2024; Sun et al.,
2024).

Comparison with other species

Microplastic (MP) concentrations in P. tenera (3.72–
13.51 MP/g, avg. 6.47 MP/g) were higher than those
reported for Telescopium telescopium (1-4 MP/g, avg.
1.12 MP/g) from the mangrove forests of Versova
Creek, Mumbai (Dar et al., 2023) but lower than
Pseudomino liabiangulosa (9.13 MP/g) from the
Southwest coast of India (Nikhil et al., 2024). While
all studies reported a predominance of smaller MPs
(<500 m), P. tenera showed a broader size range
(50–4000 m), similar to Pseudomino liabiangulosa
and Tesseracme quadrapicalis (5.96 MP/g), where
most MPs were <250 m (Nikhil et al., 2024).
Polymer composition varied, with P. tenera
containing polyethylene terephthalate (PET),
polyvinyl chloride (PVC), polystyrene (PS), and
polyethylene (PE), while T. telescopium had PE,

Fig. 3. (A) & (B) represent blue and red coloured microplastic fibres respectively found in body tissue of air breathing
sea slug.(C) is the confocal Raman microscopic image polyethylene and (D) is the Raman spectra of polyethylene
(PE).

(A) (B)

(C) (D)
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polypropylene (PP), and polyurethane (PU), and
molluscs from the Southwest coast contained 11
polymer types, dominated by PE and PP (Dar et al.,
2023; Nikhil et al., 2024). The higher MP burden in
scavenging gastropods (P. tenera and Pseudomino
liabiangulosa) suggests a greater risk due to their
benthic feeding habits, in contrast to lower
accumulation in suspension and deposit-feeding
bivalves. These findings highlight species-specific
MP accumulation patterns and emphasize the
ecological risk of MPs in coastal ecosystems,
reinforcing the potential of molluscs as bioindicators
of marine pollution.

Pollution load

The risk assessment of microplastics in P. tenera was
carried out by calculating the Pollution Load Index
(PLI) for each collected sample. The PLI was derived
from the microplastic abundance per gram of tissue,
with the lowest recorded abundance (3.72
microplastics per gram of tissue) set as the baseline
for calculations (Wang and Chen, 2023). The analysis
revealed an average PLI of 1.29 per gram of tissue in
P. tenera. A PLI value exceeding 1 indicates a
concerning level of microplastic contamination in
the tissue samples of this air-breathing sea slug.

CONCLUSION

The detection of microplastics in P. tenera
underscores significant pollution in the northeastern
Bay of Bengal, particularly in the Subarnarekha
estuary. Elevated Pollution Load Index (PLI) values
exceeding 1 in tissue samples reflect critically high
contamination levels. The presence of diverse
microplastic polymers, including PET, PVC, PS, and
PE, suggests sources such as fishing nets and plastic
wastes from tourism activities, with blue and black
microplastics being particularly prevalent. These
findings indicate the estuary’s role as a hotspot for
microplastic accumulation, posing risks to benthic
organisms and their habitats. The ingestion of
microplastics by P. tenera highlights a potential
pathway for trophic transfer within the ecosystem.
Given the significant bioavailability of microplastics
in estuarine environments, their persistence in
benthic organisms like P. tenera raises concerns about
long-term ecological consequences, including
bioaccumulation in higher trophic levels. The
predominance of smaller-sized microplastics further
suggests their potential for cellular uptake, leading
to physiological stress and altered metabolic

processes in marine invertebrates. Additionally, the
strong correlation between microplastic ingestion
and feeding strategies emphasizes the need for
further research on species-specific vulnerabilities.
These findings reinforce the urgency of
implementing stringent plastic waste management
measures to mitigate contamination in ecologically
sensitive coastal regions.
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